H15% 5 11 B 2 4 T iR o Vol. 15 No. 11
2024 6 H Journal of Food Safety and Quality Jun. , 2024

DOI: 10.19812/j.cnki.jfsq11-5956/t5.20240331003

75 55 O R - T PP AR
SEAS LA AR 2 53

WX K M A R S RER Ham Tkl

(1. TTHERERM OFEMARAR, M 511442;
2. EER KFE I ERE) RA RS E MG E AR, M 510642)

¥ OE: B FIHE PSS -5 % (gas chromatography-mass spectrometry, GC-MS )43 A A 45 4 34
LBl KINF T el g . RSl FER IS 6 B Al R IA R 5 BN [ G AR 1S R TR XL
PRZESE, ik SRR 0 X AR I RINAR 55 - XK B AR A T, 4546 GC-MS BRI ARIFR AL4Y,
F-38 35 i Fse /)N 332 [ 43 #f7 (partial least squares regression, PLSR)ZE 7. F, 1~ 75 AN B i 7 2 A PEA AL 10, 7
MER AR XK . S5 5 FIERIARHERIRFIRUAR FAATE i35 22 5(P<0.05), Hirh, SR f i el b
TR OR 2R B R, T 4l 1 SRR RS B Fie i o A GC-MS F AR SLAG I s yih B F1 I R 45 9 e
BINRITTR, TEH 5 AR IR G RN Y PLSR [RIHAEA ) FHOR | &R | 3= & MR AR R I e R AL
RPERIESE F4351: 0.94, 0.94, 095, 0.91, 7EAXERESE E4r5I: 0.90, 0.88, 0.91, 0.83, H It
7 (root mean squared error, RMSE)EAZIEAE 405 0: 0.21, 0.14, 0.14., 0.18, 7EC XERUFHE 43 H]H 0.28
0.21, 0.20, 0.25. S¥ERAEARE R 75 B 25 AR 05 IR KUK PN AR L, 356G PR R S AF A TN BE /1, iy
BITEMAR R IEAN b, 28 IR A DeE RECRIRBESR T, 5 PEH Y 0.15., TiFsi iR T RRIEM Y 0.67 14 m
3 0.83, JoE REFHIE T 1, BHRRZERD, WRBESHEEE., 88 WG MBI G170 N
FHABHRIR AL AR PN BT SR A 228 s

KRB HEAIARL WL R INE; W ARV s XU PE A T AR A

Analysis and evaluation of flavor differences in different lotus seed paste
fillings by electronic tongue combined with gas chromatography-mass
spectrometry

YANG Wen-An', ZHANG Nan’, LI Sheng-Hua', LIANG Zi-Jian?, ZHAN Lei',
XIE Ya-Man?, GAO Xiang-Yang®, WANG He-De'"
(1. Guangzhou Restaurant Group Likoufu Food Co., Ltd., Guangzhou 511442, China; 2. Guangdong Provincial Key

Laboratory of Nutraceuticals and Functional Foods, College of Food Science, South China Agricultural University,
Guangzhou 510642, China)

ELWE: I ZFE5 H (31-C-202-006)

Fund: Supported by the Enterprise Commissioned Projects (31-C-202-006)

BIECEE: TAE, mOEIN, LT RCAERINT. T2 . E-mail: 13622768320@139.com

*Corresponding author: WANG He-De, Senior Technician, Guangzhou Restaurant Group Likoufu Food Co., Ltd., No.7565 Xingnan Avenue,
Nancun Town, Panyu District, Guangzhou 511442, China. E-mail: 13622768320@139.com



212 B L4 T AR I 2 iR 615 %

ABSTRACT: Objective To investigate the flavor differences of 5 different varieties of lotus seed paste fillings,
including pure white, pure red, master’s handmade pure white, low-sugar pure white, and green food-grade pure
white by electronic tongue and gas chromatography-mass spectrometry (GC-MS) techniques. Methods The main
flavor attributes, such as sweetness, of the lotus seed paste fillings were evaluated using an electronic tongue. GC-MS
analysis was used to analyze the fatty acid composition. Partial least squares regression (PLSR) was employed to
establish evaluation models combining electronic tongue and free fatty acids for predicting the flavor of the lotus seed
paste fillings. Results Significant differences were observed among 5 varieties of lotus seed paste fillings in terms
of sweetness and saltiness (P<0.05). Among them, the green food-grade pure white filling showed the highest
sweetness intensity, while the master handcrafted pure white filling exhibited the highest saltiness intensity. A total of
nine free fatty acids, including oleic acid and linoleic acid, were detected using GC-MS. In the PLSR regression
model combining electronic tongue and fatty acids, the determination coefficients (R*) for sweetness, umami,
richness, and oiliness models were 0.94, 0.94, 0.95 and 0.91, respectively, on the calibration set, and 0.90, 0.88, 0.91
and 0.83, respectively, on the cross-validation set. The root mean squared errors (RMSE) were 0.21, 0.14, 0.14 and
0.18 on the calibration set, and 0.28, 0.21, 0.20 and 0.25 on the cross-validation set. Compared to the separate
evaluation of lotus seed paste fillings using electronic tongue or free fatty acids, the combined evaluation displayed
improved predictive capability, particularly for oiliness evaluation. The determination coefficient on the
cross-validation set increased significantly from 0.15 in the electronic tongue evaluation and 0.67 in the evaluation of
free fatty acids to 0.83, approaching unity, with a smaller RMSE, indicating a higher degree of fit. Conclusion The
combined evaluation of electronic tongue and fatty acids provides reference data for the instrumental evaluation of
the flavor of lotus fillings.
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Fig.1 Radar chart of effective indicators of 5 kinds of lotus seed
filling electronic tongues
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Table 1 Flavor score of 5 kinds of lotus seed filling ingredients
Cl1 C2 C3 C4 Cs
Atk 9.36+0.04° 9.60+0.16° 9.08+0.11¢ 9.79+0.27° 11.09+0.04°
JRR 3.1540.27° 1.75+0.35° 4.33+0.12° 3.5240.21° 2.70+0.09¢
FEH 1.26+0.03 1.24+0.06 1.08+0.04° 0.84:0.07° 1.07+0.04°
fif IR 14.44+0.06" 13.59+0.20° 14.48+0.03° 14.28+0.15° 14.19+0.03°

T R ARNE PR HA B2 57 (P<0.05), 3 2~3 [F].
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Fig.2 Principal component scores of 5 kinds of lotus seed filling
electronic tongues
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Table 2 Relative content of free fatty acids in S kinds of lotus filling (%)

=Ygty Cl C2 C3 C4 Cs
AR C16:0 10.42+0.03¢ 10.46+0.11° 9.94+0.04¢ 11.19+0.05° 10.55+0.07°
TR C18:0 3.50+0.02° 3.45+0.04° 3.27+0.05° 3.46+0.05° 3.51+0.05"
iR C18:1n9¢ 47.67+0.05¢ 50.64+0.19° 49.36+0.15° 47.27+0.12° 47.94+0.16°
Wi ER C18:2n6¢ 34.08+0.04" 31.17+0.24¢ 32.55+0.80° 33.37+0.07° 33.6440.12%
a-EJRKR C18:3n3 0.24+0.03¢ 0.29+0.01° 0.55+0.02° 0.26+0.02¢ 0.25+0.01°
16 R C20:0 0.97+0.04° 0.93+0.04" 0.89+0.03¢ 1.10£0.03* 0.93+0.03"
AR MR C20:1 0.68+0.02° 0.6340.03° 0.72+0.05" 0.7440.01° 0.69+0.03°
T bR €22:0 1.76+0.02° 1.80+0.11° 1.70+0.09° 2.0240.07° 1.81+0.07°
ke C24:0 0.67+0.01° 0.6240.05° 0.65+0.11° 0.67+0.44° 0.65+0.11°
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Table 3 Sensory evaluation scores of 5 kinds of lotus paste fillings

Cl c2 C3 c4 C5
LS 5.87+0.09° 6.42+0.09" 7.35+0.26" 5.96+0.2° 4.77+0.27°
:3UR 3.16+0.05° 4.05+0.05" 4.2940.10° 2.7340.05¢ 3.45+0.25°
FE 2.86+0.06¢ 3.31£0.17° 4.3740.05° 4.01+0.12° 2.85+0.13¢
PilEUS 3.64+0.10¢ 3.90+0.08° 4.8840.09° 3.24+0.22° 4.4240.10
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Fig.6  Sensory evaluation of 5 kinds of lotus paste fillings and scores
of principal components for each flavor
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Fig.7 Sensory evaluation of 5 kinds of lotus paste fillings, principal
component analysis of each flavor, Biplot plot
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I, BIESEP R E BRECR? 4350 0: 0.94, 0.94. 095, 0.91,
S SRS H TR E R R 4390 0.90,0.88,0.91.,0.83,
Y7 #1222 (root mean squared error, RMSE)7E#: 1E4E F 43
H14:0.21.0.14,0.14, 0.18, 7EA8 IR UFAEH 4374: 0.28
0.21, 0.20., 0.25, UiHH AR ELAT 45 w8 A HEAfG JE o
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Table 4 Relationship between 4 kinds of sensory attributes and various regression coefficients established using PLSR model

Wi TR DIEEY
A0 Al A2 A3 A4 A5 A6 A7 A8 A9 A10 All Al2 Al3
EHS 18.53 -0.14 -0.07 0.10 -0.53 -0.07 -234 012 -015 136 1.07 0.47 0.33 0.31
fif I 9.55 -0.13 -0.06 0.00 0.08 -029 -072 0.12 -0.08 107 -171 -099 -021 -0.24
FE 858 -0.08 -1.08 0.13 -0.19 0.08 -1.72  0.07 -0.11 1.38 1.03 1.67 0.69 0.03
YR 6.09 0.13 027 0.04 035 -042 062 0.04 0.02 129 -243 0.17 -0.66 —0.61
5 ET PLSREEFUN 4 FEREIFNBR
Table 5 Prediction of 4 kinds of sensory evaluation effects based on PLSR model
R RO Fe e S
RMSE R? RMSE R?
AN 0.35 0.83 0.41 0.78
S i B3 Mg Wy i 0.40 0.78 0.52 0.67
H 5+ = AR T R 0.21 0.94 0.28 0.90
T 0.31 0.72 0.39 0.60
i3V i B3 Mg Wi i 0.14 0.94 0.19 0.90
H 5+ = AR T R 0.14 0.94 0.21 0.88
Ay 0.21 0.89 0.27 0.83
FEM W 25 IR iR 0.20 0.90 0.28 0.81
HL - i S R I R 0.14 0.95 0.20 0.91
T 0.46 0.40 0.57 0.15
MELELS W 25 1R iR 0.27 0.79 0.35 0.67
HL - i S R I R 0.18 0.91 0.25 0.83
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Fig.8 Prediction of 4 kinds of sensory evaluation effects based on PLSR model
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